The implementation of a condition based monitoring system requires the integration of a variety of hardware and software components. A complete system is composed of a number of functional capabilities such as sensing and data acquisition, data manipulation, health diagnostics and prognostics. In addition there are a broad range of system level requirements that include communication and integration with legacy systems, protection of proprietary data, need for upgradeability, and reduction of engineering time and cost. The successful development of such robust, mobile systems with this level of capability requires significant difficulties to be overcome. This paper presents the architecture employed when designing and developing a PD monitoring system and the experiences learnt during testing.
INTRODUCTION
Faced with increased pressure for system safety and reliability, maintenance and replacement strategies are progressively becoming more important within the electricity industry. Maintenance strategies have evolved over time as utilities have sought to ensure high asset reliability and availability whilst endeavoring to cut down costs. In their effort to accomplish this, utilities focus on technical and economic aspects influencing the optimal operation of its power system.. Economics play a major part in managing staff efficiencies, outsourcing of functions and an ever-increasing move to automated substations. Often critical skills and knowledge are at a premium within utilities. This not only affects office staff, but also field and first line support crews. A downside to this is that companies may not have adequate labour resources to deliver optimal maintenance, monitoring and other asset management activities. Historically, utilities have performed periodic maintenance on switchgear and primary equipment to discharge their legal obligations. While scheduled testing has proved to be very important, it is at the same time expensive and can often introduce other additional risks.
For this reason, the possibility of automated continuous supervision of plant condition of the entire substation can contribute to improved equipment reliability. In addition, continuous monitoring and diagnosis allows deteriorating equipment to be identified in advance and if necessary, respective elements to be isolated before catastrophic failure. As a result maintenance work need not be on a regular basis and can be planned according to need, allowing for the implementation of more cost effective condition based maintenance. As a result of fast diagnosis of system problems, and increased information about the power system, such technology can be used to improve the reliability of substations and shorten the period of diagnosis. This explains the growing attention being paid to the development of predictive diagnostic tools.
Asset life extension initiatives are also driving the application of on-line condition assessment as a management tool . A very significant percentage of equipment installed in the UK made during the 1950s and 1960sand a large quantity of equipment is now approaching, or has already exceeded, the end of its original life expectancy. While this does not mean that all equipment nearing the end of its actuarial asset life is about to fail, theseassets could benefit froma condition-based approaches. Where the case is made for asset replacement this may be achieved with designs containing new types of material, with potentially high infant mortality and type faults anticipated in the bath-tub curve as shown in figure 1.
Underpinning the replacement strategy, condition monitoring also plays an ever-increasing role in the development of safety programs and initiatives within utilities. Faced with a possible increase in failure rates, safety within substations is a growing concern and periodic (walk-around) field inspections or extended work periods may not be acceptable
Other advantages of continuous, as opposed to "walkaround", condition monitoring include:
-Staff safety is improved as staff can focus on, or avoid, potentially defective equipment.
-Condition data are logged continuously at regular intervals rather than sporadically -There is a reduced requirement for dedicated staff 
MOBILE, RADIOMETRIC, PD WEB-BASED TECHNOLOGY Motivation
Many current condition monitoring systems are challenging to manage and produce large volumes of recorded data which can be challenging for an engineer trying to extract key knowledge. Condition monitoring under these circumstances becomes a data management exercise in which the focus becomes the data rather than valuable information for asset management and staff safety. The system developed here has aimed to improve the situation by prioritising the data and flagging key events for further analysis. It uses two agents, a Substation Management agent and an Engineering Assistant agent. The Substation Management agent is responsible for collecting data, archiving, classification and prioritisation. The Engineering Assistant agent is an interface that allows the event information to be downloaded and viewed by the engineers.
Radiometric PD Technology
Radiometric PD technology [1] allows for whole areas to be monitored for partial discharges as opposed to individual plant items. The consequences of this are two-fold. Firstly, when used as a risk-management tool to monitor suspect equipment, it allows the system to be installed, in-service, at a secure distance away from the plant in question, reducing the hazard to site staff. Secondly, it improves the costefficiency of the monitoring tool since one single system is capable of monitoring several bays at a time.
Wireless Technology
Similarly, the cost of retrofitting wire to connect these devices is prohibitively expensive and may require staff to be on-site around suspect equipment, making wireless technology an attractive solution. Wireless technology also allows engineers to view the results from remote (and safe) locations.
Web-based Technology
As web technology improves, the number, variety, and sophistication of web-based information services is increasing. This is mainly due to the fact that, with leadingedge software, a centralised database can be accessed via the web. Web-based technology has several advantages both technical and operational. These include: -Data is moved directly to a central database, rather than being scattered around in ad-hoc locations -Data is managed in a professionally operated data centre, protected from viruses, and is regularly backed up -Data can be accessed from many different locations, so that on-site operators and remote advisers can access it simultaneously -Data sets from different equipment and different sites are accessible simultaneously for comparative purposes -Software is automatically maintained and upgraded in a process which requires no user intervention.
Overall System Design
For effective partial discharge monitoring four stages are required -detection, measurement, location and evaluation. The first stage, detection, is used to observe and acquire physical quantities. The measurement stage analyses the magnitude and parameters and thus allows an evaluation of the risk. The third stage involves location, using very accurate timing measurements to pinpoint the location of the problem. From the second and third stage an evaluation can be made of the nature of the problem and the best strategy for the management of the plant can be identified.
The detection and communications systems is installed in an OEM trailer -figure 2 -which is modified and converted for the purpose of unattended PD monitoring in electricity utility sites. The trailer benefits from a GRP roof, which, being dielectric, allows for an antenna array to be fitted and operated from within the trailer. This reduces site installation time to less than 30 minutes. The system architecture is shown in figure 3 . It consists of the mobile monitoring systems located at a remote substation, a central host and system users. The mobile system monitors partial discharge events within a substation and transfers the summary details alongside the raw data when necessary to the central host. The central host provides a focal point for system users to access information from the mobile units. Users access the system through the web interface (hosted on the Central Host) and are also able to receive alerts through SMS messages and email. Another major development consideration concerns the method in which the data is stored, archived and transmitted. Databases are characterised by various factors such as their ability to provide long-term reliable data storage, multiple user access, concurrency control, query, recovery, and security capabilities. When developing the system, two non-proprietary interface definitions developed by OSA-CBM (Open System Architecture for Condition Based Maintenance) and MIMOSA (Machinery Information Management OpenSource Alliance) for open data exchange have been taken into consideration [2] . Hence a MIMOSA compliant database as a storage and management facility was used and exporting functions developed to distribute data as OSA-CBM XML files when desired.
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CHALLENGES ENCOUNTERED Reliability
The capacity of the commercially available cellular network used, as well as its reliability, were the two limiting factors encountered when developing this system. Whilst satellite technologies overcome these issues by providing a service where structural or topographical occlusion (line of sight obstructions) is not a problem, meaning there should be little or no variation in quality of service, and the streaming service is uncontended (causing the data rate to be much improved), their cost is presently much higher than that of commercial cellular plans. Hence, a cellular system was chosen.
There are three main services offered by a cellular operator, a cellular data service, a voice service and a messaging service. In the case of data services, due to the limited number, and expense, of public IPv4 network addresses, in the UK at least, mobile operators use a private Internet Protocol addresses within the network. This means devices outside the mobile network cannot directly access devices inside the network. This means two-way communications between the remote substation and the central server is not possible unless VPN technology is used. The messaging service is a best effort service where there is no guarantee that the message is received by the recipient. When tested by transmitting large data packages, reliability was seen be affected. Hence the final system uses the voice service and web services to establish communications. However, there were significant disadvantages of this method which halted the development of the first prototype:
1. The central host must have a cellular data modem to be able to call the monitoring system. This will induce heavy traffic if the number of monitoring systems multiplies causing the central host cellular data modem to become a bottleneck. As each call establishment takes a few seconds this bottleneck will become a problem. 2. The monitoring system can only terminate the call (the voice service is able to accept or reject the call) in its response from an incoming call the central host could be left in a dilemma not knowing whether the monitoring system or network terminated a call. This could mean the central host could think the monitoring system terminated a call and is therefore about to start a connection to the central host, whereas in reality the network terminated the call. 3. This method does not provide any indication of the communications status. The communications link of any remote monitoring system is the link which has always proven unreliable. Therefore, it is desirable to have a solution which connects to the Central Host periodically to indicate the communications link is still operational. A polling solution was therefore developed to overcome some of the above challenges. The final system hence connects to the Central Host after a specified period of inactivity. After a period of inactivity a connection is started and the Central Host is polled for any file transfer commands.
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Security
Wireless communications are also the weakest link in security. Whilst researchers and manufacturers are working on it there is still no bulletproof system available, the major drawback being the restricted bandwidth not being capable of supporting enhanced security. For substations, the area can be controlled and security can be improved. However this would mean a central hub in each substation controlling all the wireless systems and relaying the information through wires to the central hosts outside the substation increasing system complexity and maintenance.
Power Supply
The power supply is a challenge for several operational reasons. At ground potential it implies cabling and hence restricts the positioning of the system on site reducing the versatility of the system. Most old substations are also not built with the thought of installing temporary monitoring equipment requiring a secure power supply. Choices to overcome this include batteries or solar energy coupled with the development of new electronics to reduce power consumption. However, these are not expected to produce any significant results in the short to medium term. In the interim an uninterruptible power supply to cope with up to 20 minutes of loss of supply is installed within the mobile PD monitoring unit.
CASE STUDY Background
ScottishPower has a 132kV substation containing several items of high-voltage plant subject to a potential type fault. As a consequence, a restricted area of 50 metres radius was placed around each plant item, effectively preventing access to the whole of the substation. Although it was not possible to disconnect the entire substation, there was a requirement to monitor for partial discharge activity within the compound in order to manage the risk to site staff involved in site operations..
Under these circumstances, installation of a direct contact system on each plant item would be unacceptably risky. A mobile, radiometric, continuous PD monitoring system was therefore installed. The system is capable of being deployed and installed within 10 minutes and has the benefit of monitoring the whole compound.
The ability of the system to locate PD activity was critical in this application since a benign, busbar sliding joint defect was also present in this substation. Figure 4 shows a snapshot of one of the location screens -indicating a discharge free substation except for a discharge from the known sliding joint problem. The lack of discharge from the site of the suspect plant supported the necessary risk assessment to allow r work to progress in the substation restricted area. 
CONCLUSIONS
A mobile partial discharge monitoring system has been developed using radiometric measurement technology and a robust and reliable wireless communications system. The recorded data is displayed on a purpose-designed web interface. In a case study application, the system was able to screen for the presence of PD from high-voltage plant known to have a type fault, even in the presence of other benign, PD effects within the substation.
The development of mobile systems rely on robust and reliable wireless communications systems to transfer the data and allow the easy and fast transfer of the system from one site to another. Developments of Web-based technology in recent years have allowed for human system interfaces to be available through the browser but wireless communications still remain a bottleneck for the mass implementation of these systems, especially if safetycritical.
